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Abstract 
The twin fields of limnology and oceanography have been raised apart since birth. Both were born from geology, 
geography, and biology but were raised separately by the immediate need for water supplies to fuel civilizations 
(limnology) and by the need for fish and by curiosity about the virgin great unknown (oceanography). I explore 
differences between inland waters and the sea but conclude that oceans are fast becoming “large saline lakes.” Two  
irresistible forces are drawing these twins back together. First, there is a strong and growing realization that many 
aquatic ecosystems function in similar ways and thus can productively share a common theoretical foundation. Second, 
there is the growing understanding that most oceans are now suffering the same insults at the hands of civilization as 
inland waters have been for centuries. I support these ideas with an analysis of the top-10 most important problems and 
paradigms in these sister fields and gauge their prevalence in the burgeoning published literature. I suggest that in the 
coming years limnologists will be able to assist oceanographers in learning to understand, manage, and mitigate the 
impacts of growing global change. Oceanographers will assist limnologists in questions of salinity and physical scale 
that have been less prevalent topics in inland waters. Limnologists and oceanographers have much more to gain by 
uniting than by competing. Water is our common strategic resource, and we have much to learn from each other. 
Key words: biodiversity, environmental problems, eutrophication, global change, invasive species, paradigms, 
theories, top-10
Introduction
It is a pleasure and an honor to address this august body of 
limnologists responsible for ensuring the quality and sus-
tainability of the world’s most important strategic resource: 
inland water. I am addressing you as President of the 
Association for the Sciences of Limnology and Oceanogra-
phy (ASLO) and bring greetings and congratulations from 
its board of directors. This plenary lecture is designed to 
express a spirit of future cooperation between the Interna-
tional Society of Limnology (SIL) and ASLO as we 
struggle to ensure the world’s stewardship of fresh and 
salty water across the planet. This is a great and growing 
responsibility. I should apologize that the purpose of most 
plenaries is to expound on some part of the actual “science” 
we practice, whereas this plenary is meant to be reflective 
about our sciences in general, how we are doing, and how 
we can do better at being good stewards of these resources. 
This plenary talk originated over some Japanese beer at 
the 2012 ASLO meeting at Lake Biwa and now, a year later, 
bears fruit at this SIL congress. The thumbnail sketch that 
Brian Moss, Yves Prairie, Jack Jones, and several others 
and I created, included more elements than I am able to 
reproduce here, including the urgency of the joint mission 
of limnology and oceanography toward sustaining a healthy 
interface between marine and fresh water. The purpose of 
this talk is to encourage limnologists to be proud of our role 
in assisting oceanography and show that the 2 fields are 
coming back together via global change. A second purpose 
is to make us aware of how we limnologists have been 
helped by oceanography in the quest to understand and 
build theory about inland waters. This is particularly timely 
because oceanographers’ ecosystems are beginning to 
suffer the same insults that limnologists’ have for decades, 
and limnologists’ ecosystems must be seen in a global 
framework as oceanographers’ have been for a century.
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I first discuss the strategic importance of our water 
mission to give a context for the importance of our 
sciences. Because we have exchanged much with ocean-
ography over the last century, I then summarize a small 
part of the history of the parallel development of these 
fields. Next, because all fields need to work on a small 
number of tractable problems and paradigms (Rigler and 
Peters 1995), I attempt to identify the most important 
problems and paradigms of both limnology and oceanog-
raphy to show that limnology and oceanography share 
many kindred concepts and problems, and that these are 
converging with advancing global change. Through this 
process, my gestalt has shifted so radically that I will try 
to convince you that lakes are much like small fresh seas 
while oceans resemble big salty lakes. Finally, I discuss 
modern exchanges between limnology and oceanography 
as well as the future of the aquatic sciences, especially as 
it concerns aquatic science societies.
For full disclosure, I should mention that I grew up 
around inland waters, spending much of my youth 
underwater in the beautiful oligotrophic lakes of northern 
Minnesota. I then felt that to study those inland resources I 
needed to attend a marine institute for a master’s degree. I 
started briefly (a matter of days) at the Rosenstiel School of 
Marine and Atmospheric Sciences before I realized that 
what I really wanted to do was apply the same sorts of 
theories (derived in marine systems, notably littoral 
zonation; Stephenson and Stephenson 1949) to inland water 
systems. What I did not realize at the time was that those 
theories were also partly the product of the exchange of 
ideas among limnology, oceanography, and even terrestrial 
ecology; therefore, my ontogeny recapitulates phylogeny to 
some degree, even more so as limnology and oceanography 
converge and I return to my marine roots from time to time.
ASLO
ASLO itself reveals the convergence of these sciences by 
its very existence. ASLO was started in the 1930s as the 
American Society of Limnology. It joined with the Pacific 
Society of Limnology shortly thereafter and became the 
American Society of Limnology and Oceanography. The 
association changed its name in 2011 because we realized 
that our members were only about half in the Americas. 
Our 4800 members are about 45% limnologists, and about 
28% of these limnologists also work in marine science. 
Interesting to me is that only about 12% of our oceanogra-
phers dabble in research on inland waters. The association 
publishes 3 journals but also publishes a quarterly Bulletin 
and has an eLectures and eBooks program; we host 1.5 
meetings per year, on average, and about one-third of 
these meetings are predominantly oriented toward inland 
waters and limnology.
Strategic importance of inland waters
Limnologists have an important mission. Inland water 
was the most strategic resource in the past, is now, and 
will also be in the future. It is essential to life and 
sustains the quality of the human condition on the planet, 
and an increasing population will put unprecedented 
pressure on water supplies. One need look no further 
than amazon.com to realize the strategic importance of 
water. At this writing, a few months into 2014, there are 
literally dozens of new books with 2014 publication 
dates on water resources, their strategic value, and 
economic and ecological importance. 
Because the water residence time of inland waters on 
continents is 17 years (Kalff 2002), the average global 
rate of renewal of inland waters via the hydrologic cycle 
is only 7% per year; therefore, only a small fraction of 
inland water can be used, spoiled, or polluted annually in 
a sustainable fashion. Rates of water abstraction for 
several countries, expressed as a fraction of renewal rates 
(Fig. 1), shows that a substantial fraction of countries 
withdraw >3 times the inland water renewed annually. 
This is unsustainable over the long term and does not 
even consider the amount of water polluted, spoiled, 
diverted, or wasted annually. High quality water, and the 
science that supplies it (i.e., limnology and a few others), 
will be a resource of increasing value as population 
grows.
Fig. 1. Annual water abstraction as a multiple of the world average 
water renewal rate (7% per year). Data were digitized from a report 
of the Organisation for Economic Co-operation and Development 
(OECD 2008) showing water abstraction as a fraction of internal 
resources. The dashed line indicates a line of sustainability, where 
abstraction is equal to renewal.
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Limnology and oceanography together cover the life 
of water across the hydrologic cycle. About 97% of the 
world’s water is found in Earth’s oceans and seas (van der 
Leeden 1990) while continental waters cover only about 
3% (Fig. 2). The liquid water on the continents makes up 
only about 30% of continental water while 70% (probably 
shrinking) is frozen. Breaking out the liquid water into its 
other components, we find that only about 3% of the 
liquid continental water is usable surface water and about 
half of that is saline. A small fraction of the water in the 
world is studied by limnologists, but this water is dispro-
portionately important to life on the continents. Putting 
this fractionation into an understandable context, if all of 
the world’s water is represented by the length of a football 
stadium, the water studied by limnologists and essential 
for human life can be represented by a length of approxi-
mately 1 cm of the field. Although tiny, this is the fraction 
that is easily used, rapidly renewed, essential to life, and a 
key to viable industrial and domestic supply.
Parallel development of limnology and 
oceanography: the twins
My thesis here is that the fields of limnology and oceanog-
raphy resemble twins, mostly separated since birth, that 
have developed in parallel. Although frequently thought 
of separately, these disciplines share much history, many 
converging research paradigms, and, I believe, a common 
future. The limnological and oceanographical twins may 
look different to us now, but many, even identical, twins 
differentiate over time. Even if we would believe that the 
fields were born of vastly different foundations (they were 
not), frequently different things converge when necessity 
or habit is shared. In my plenary talk, I gave examples of 
identical twins that look different over time, couples 
whose looks converge over time, and humans and pets 
that begin to look similar to each other. It is not rare that 
nearly identical things fool us, nor is it rare that dissimilar 
things converge when necessity demands it.
Oceanography and limnology can be similar even 
though the ecosystems analyzed may differ quantitatively. 
Some comparisons of characteristics of inland waters and 
marine systems help set the context (Table 1). Inland 
waters make up a tiny fraction of the world’s water while 
97% of the water surface area is marine. Considering only 
the fraction of the world’s useable water (e.g., for 
drinking, industry, and agriculture), most of this water is 
on the continents. The small fraction that comes from the 
seas is via desalinization, an extremely energy intensive 
process. Likewise, the water closest to people living in 
diverse regions is likely to be inland because 99.9% of 
people on Earth live within 100 km of an inland water 
source whereas only about one-third of the world’s 
population lives within 100 km of a marine water body 
(10% live within the tidal area). Inland waters are more 
dynamic than marine waters in that the water residence 
time of lakes is about 17 y (wetlands one-third of that and 
streams only 32 d) while estimates of the turnover time of 
oceans range from 2500 to 4000 y. This means, however, 
that oceans are only flushed 2 orders of magnitude more 
slowly than lakes, on average, while smaller embayments 
may substantially overlap lakes’ residence times. 
From a biological perspective, our systems may be 
somewhat less different. A recent analysis (Aladin et al. 
2005) calculated that marine systems could contain up to 
1 000 000 species, not considering bacteria, viruses, and 
Archaea. When direct comparisons are made between the 
biodiversity of inland waters and marine systems, inland 
waters contain more species disproportionately with their 
spatial extent (i.e., ~15–25% those found in marine 
systems). Thus, inland waters may contain 250 000 
species. Inland waters contain 40% of all known fish 
species (Dudgeon et al. 2005), for example, although 
inland waters cover a tiny fraction of the world’s surface 
area. Fish catches in inland waters are growing, principally 
due to aquaculture, while fish landings from marine 
systems are shrinking due to overexploitation. Possibly 
because of their highly dissected nature and broad spatial 
extent, inland waters contain a richness of useful biodiver-
sity, of which <5% has been discovered and described, 
while a substantial fraction is disappearing (Ricciardi and 
Rasmussen 1999). 
Fig. 2. The status of all of Earth’s waters (van der Leeden 1990).
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A final comparison of inland waters and marine 
systems should motivate the limnological community to 
do some calculations. One often hears that primary 
production in the world’s oceans is responsible for 
50–85% of the oxygen inspired by humans and other 
animals on Earth; there is no parallel calculation for inland 
waters. The idea that oceans are net oxygen-positive for 
the atmosphere implies that most of the oceans are net-au-
totrophic. This does not square with what is known about 
the prevailing heterotrophy of the oligotrophic oceans 
(Smith and Mackenzie 1987, Duarte et al. 2013). Because 
inland waters are richer in nutrients than marine waters 
and less water-limited than terrestrial ecosystems, we 
should expect inland waters to play an important role in 
the global oxygen balance. Our twin fields study divergent 
yet congruent ecosystems that may differ in quantitative 
ways but not qualitatively.
Parallel histories of limnology and oceanography
The historical stimuli for studying inland waters and seas 
were similar but differed in some respects (Table 2). 
Although inland waters and oceans were studied for 
military reasons, the details differed. Inland waters were 
used principally for the military purpose of siege or 
depriving enemies of water or water of useable quality, 
whereas marine systems were studied to improve navigation 
of military vessels. Studies of inland waters were stimulated 
by the need for healthy potable water supplies, by the need 
for avoiding flooding or drought, for means of avoiding 
pathogens, for recreational purposes, and of course, for 
supplying fish. Marine studies were stimulated by naviga-
tional needs of military and commercial vessels, the 
transport of people and supplies, exploration, for the supply 
of fish, and to ensure sources of marine mammals.
The long-standing military use of inland waters has 
been detailed by Peter Gleick (2009). Inland water has 
been a source of conflict and military action since at least 
3000 BC. Inland waters have been used throughout human 
history as weapons in military action, as targets via 
destruction or fouling, in terrorist actions employing 
coercion or violence by individuals or groups, and as 
sources of development or territorial disputes. For 
example, in 2500 BC the king of Lagash diverted water 
into boundary canals, drying up the water supply of 
Umma. In 720 BC, Sargon II of Assyria destroyed 
Armenia’s irrigation network and flooded their lands. In 
1503, da Vinci and Machiavelli created a plan to divert the 
entire Arno River away from Pisa during a conflict 
between Florence and Pisa. In 1642, Chinese General Gao 
Mingheng breached dikes on Huang He to flood uprising 
peasants. In 1777, the British attacked the New York City 
waterworks during the American Revolutionary War. Other 
strategic uses have included contamination, diversion, 
poisoning, and several other charming approaches.
The history of the sciences of limnology and oceanog-
raphy have also been parallel and intertwined (Table 3), 
with similar discoveries in each not coincidentally 
occurring within a few years of each other (Kalff 2002, 
Pinet 2011). Prior to 1650, studies of lakes and oceans 
dealt principally with mapping of depths as well as tides 
and currents in marine systems due to a need to navigate 
effectively. In the later part of the 1600s, enough 
chemistry was known so that Varenius could determine 
different lake types, and Boyle began analyzing salinity 
profiles. Beginning in the 1800s there were discoveries of 
stratification, oxygen supplies, and a wide expansion of 
knowledge of plankton and benthos diversity, abundance, 
and distribution. Around 1870, the wide-spread realization 
arose that fisheries had been overexploited in both marine 
Characteristic Inland Waters Oceans
Fraction of world’s surface water area 3% 97%
Fraction of world’s usable water 99% 1%
Water residence time 17 y (lakes)
5 y (wetlands)
32 d (streams)
2500 y
Probable number of species 250 000 1 000 000
Percent species described <5% 25%
Fraction of fish biodiversity 40% 60%
Fraction of world population within 100 km 99.9% 33% (10% within tidal area)
Oxygen supplied (%) ? 50–85%
World fish landings 10% (growing) 90% (declining)
Table 1. Compared characteristics of marine and inland waters. Data derive from published sources (van der Leeden 1990, Kalff 2002, Aladin 
et al. 2005, Dudgeon et al. 2005, Gleick 2009, Appletans et al. 2012).
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and continental waters, so several research laboratories 
were launched to fill the need for information on fish and 
fish food supplies. Both fields became formalized ca. 1900 
by the completion of important monographs and 
theoretical concepts concerning the control of processes in 
aquatic ecosystems. The foundations of these 2 fields have 
had similar historical foundations.
There have been many historical exchanges between 
limnology and oceanography (Table 4). I created this list 
of examples by consulting a prominent book on the 
history of biological oceanography (Mills 1989) and 
finding names of important limnological scientists and 
concepts. These exchanges are listed in alphabetical order, 
but the list includes many important limnological and 
oceanographic names. Among those actively involved in 
exchanges of ideas, techniques, and paradigms were lim-
nologists Carl Apstein, E.A. Birge, Chancey Juday, 
Tommy Edmondson, D.G. Frey, G.E. Hutchinson, Charles 
Kofoid, Gordon Riley (who later switched to oceanogra-
phy), Victor Shelford, George Whipple, and Henry Ward. 
One of the most convoluted exchanges was Lancelot 
Hogben, a marine scientist and fellow of the Royal Society 
of South Africa, inspiring G. Evelyn Hutchinson to study 
lakes. Hutchinson, in turn, trained Gordon Riley as a 
limnologist, who later switched to oceanography and 
became one of the most renowned oceanographers of all 
time. Ward and Whipple worked on taste and odor problems 
in drinking water reservoirs and in so doing helped to 
inspire Karl Brandt’s work on phytoplankton, especially 
marine plankton blooms and dynamics. Exchanges from 
oceanography to limnology are obvious and important. For 
example, H.W. Harvey’s work on seawater chemistry 
helped to create the lake trophic classification system we 
use today. Few concepts are more iconic in limnology than 
Redfield ratios and the Secchi disk. These approaches were 
both created by marine scientists and absorbed by 
limnology. The exchanges have been large, seminal, and 
inspiring; many of our top limnologists have inspired 
oceanography over the history of that field and vice versa.
Limnology and oceanography’s top 10 problems 
and paradigms
It is essential for practitioners of science to think about 
how science is done. Although there are leaps of 
inspiration on occasion that come from sparse factual or 
Limnology Oceanography
Military (siege) Military (transport)
Domestic water supply (lack of algae blooms) Travel and shipping
Flooding and drought Fish production (including shellfish)
Esthetics and recreation Marine mammal production
Health Curiosity about unexplored frontiers
Fish production
Table 2. Historical stimulus for study of the fields of limnology and oceanography.
Limnology (Kalff 2002) Oceanography (Pinet 2011)
1660 (Varenius) descriptions of 4 lake types 4000 BC navigation by Egyptians
1819 discovery of metalimnion Before 1650 Principally mapping and measuring tides and 
currents
1826 first scientific description of algae bloom 1674 (Boyle) salinity and depth
1841 diurnal oxygen cycles 1817 first arctic benthos collections
1865 Secchi disk developed 1820 first seawater chemistry
1860s plankton and benthos studies started 1840–1860 plankton and benthos distribution analyses begun by 
expeditions
1871 Great lakes fish overexploited 1860 Deep sea found to have life (cf Forbes)
1887 S. Forbes Lake as a microcosm 1870 Government marine labs started because of over-fishing
1891 Thermoclines discovered by Birge, Juday, 
Richter
1880s Oceanographic cruises begin
1902 Forel trilogy complete 1900 physics seen as controller of biology
Table 3. Selected and abridged timeline of histories of limnology and oceanography.
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theoretical frameworks, this is more the exception than the 
rule. In reading about science as a doctoral student (e.g., 
Beveridge 1950, Price 1963, Medawar 1965, Kuhn 1996), 
I realized that limnology departed from the most 
successful sciences in that we seem to work on any 
problem that suits our fancy and are unperturbed by the 
glacial advancement of theory. The most successful 
sciences (e.g., physics, chemistry) seem to identify a small 
suite of important problems and paradigms, and these 
scientists compete fiercely to make progress on this 
reduced number of critical problems. This clearly 
indicates to scientists, funding agencies, and top-tier 
journals which labs, grants, and manuscripts are exciting 
and at the forefront of the field. Many of these ideas are 
summarized by Peters (1991) and Rigler and Peters 
(1995), who suggest 2 important things to make any 
science strong and effective: (1) sciences need to 
concentrate on a limited number of tractable, soluble 
problems; and (2) sciences must address the biggest 
questions under their purview.
A good way to compare sciences for similarity would 
be to identify the top problems and paradigms in each and 
then compare them for similarities and differences to 
judge how close our scientific cousins are to the type of 
science we do, use the lists as a way to judge and justify 
the key role of our work, and focus more keenly on the 
areas under active development in our field. My objectives 
were to establish lists of the top problems and paradigms 
in limnology and oceanography, compare them by 
identifying similarities, and then quantitatively assess time 
trends in the research output on these central problems 
and ideas.
My approach to determining the top-10 lists was 
biased toward people who I considered to be keenly aware 
of developments in these fields. My sample size was small 
but mostly arrived at early consensus. I sent out email 
inquiries asking scientists to not overthink it (difficult for 
scientists), but to simply write out 3–5 of the most 
important problems and paradigms in either limnology or 
oceanography today and then project both 10 y into the 
future. By “problems” I meant environmental issues, and 
by “paradigms” I meant something like the Kuhnian 
definition of the word, “universally recognized scientific 
achievements that, for a time, provide model problems 
and solutions for a community of practitioners” (Kuhn 
1996), although I did not share this with those I asked for 
responses. It is clear from responses that they did not fully 
share my definitions! I summed the responses and 
established ranked top-10 lists based on the frequency of 
responses. 
Scientist Important exchange
Apstein Inspired Brandt’s plankton work with analyses of plankton in the lakes of 
Schleswig-Holstein
Birge and Juday Inspired WRG Atkins’ (Plymouth) analyses of marine stratification; foundation of 
Brandt’s early analyses of plankton production
Edmondson (WT) First nutrient addition experiments were done on seawater systems
Frey (DG) (translator of Ruttner) Instrumental in Atkins’ thermal analyses of the sea
Harvey Work on seawater chemistry created the lake trophic classification of today
Hogben Univ Cape Town Inspired Hutchinson to study lakes
Hutchinson An inspiration and mentor to Riley and was the foundation of modeling and 
trophodynamics in marine systems
Kofoid (Charles) Work on lake plankton size distribution fine-tuned quantitative methods proposed 
by Hensen and the Kiel laboratory
Redfield Marine scientist who pioneered the stoichiometric approach to production 
limitation used in lakes and other inland waters
Riley (Gordon) Limnologist trained by Hutchinson who became one of the all-time great 
biological oceanographers
Shelford (Victor) Light distribution work in marine and freshwaters important to marine productivity 
research
Ward and Whipple Working on drinking water reservoirs inspired Brandt’s work on plankton and 
especially marine plankton blooms
Table 4. Examples of important exchanges between limnology and oceanography through the histories of the field. Examples are extracted 
from Mills (1989) and are listed alphabetically by the family name of the principal proponent. Examples are selected to highlight scientists 
likely to be familiar to limnologists.
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Top-ten problems in limnology
Not surprisingly, the top problem faced by limnology 
today is eutrophication and other water pollution 
(Table 5). There is a clear consensus that human activities 
have given rise to large-scale degradation in inland 
waters. This is followed in ranking by the influences of 
aquatic invasive species, human- and climate-induced 
hydrologic change, habitat destruction, and the influences 
of climate change on water quality and quantity in the 
biosphere. The list also contains a litany of problems 
induced by human populations, including introduced 
xenobiotics (e.g., toxins and pharmaceuticals), declining 
biodiversity, water scarcity, overexploitation, and 
agriculture as an agent of water quality change. As I joked 
in my plenary talk, one should combine a few of these in 
grant proposals or article submissions to prestigious 
journals and thus ensure relevance to the key problems of 
our science.
Of concern to me is that the list of problems projected 
for 2023 is nearly identical to that of 2013. In fact, more 
than one prominent limnologist told me explicitly that 
they expect little to no progress on any of these problems 
over the next 10 years (Table 5). This lack of progress was 
attributed generally to a lack of willingness of 
governments to face and solve these critical water issues, 
not to limnologists’ inability to offer scientific solutions. 
Although aquatic invasive species are still likely to be 
rampant in 10 y, more than one limnologist told me that it 
will cease to be a “problem” per se because we will be 
living in a world of global biotic homogenization. This 
pessimistic point of view was echoed by endangered 
species falling off the list, agricultural impact moving 
from 10th place to 3rd, xenobiotics moving from 6th to 5th 
place, and mine pollution entering the list as we scramble 
to exploit more marginal deposits of minerals and 
petroleum.
Top-ten paradigms in limnology
Looking to the broadly recognized research paradigms on 
which limnologists work, now and in the future (Table 6), 
I see many familiar ideas but a weak correlation with the 
problems we need to solve (Table 5). The top research 
paradigm is an exception to this because carbon biogeo-
chemistry is a key to global problems such as climate 
change. Trophodynamics, stoichiometry, trophic cascades, 
size structure, and microbial biodiversity seem loosely 
connected with the top-10 problems, whereas landscape 
limnology, nutrient budgets/loading, global limnology, 
and climate change are more tightly aligned with priority 
problems. I do not mean we should not be doing things 
that are loosely connected to problem areas, only that we 
should not pretend to be directly solving problems of 
climate change, for example, by working on plankton 
trophodynamics.
2013 2023
1. Eutrophication and other water pollution 1. Eutrophication and other pollution 
2. Aquatic invasive species 2. Aquatic invasive species - global biotic homogenization 
3. Effects of altered hydrology (human and climatic) 3. Agricultural impact 
4. Habitat destruction 4. Climate change impacts on water quantity and quality 
5. Climate change on water quantity and quality 5. Novel chemicals, xenobiotics (toxins, drugs, etc.) 
6. Novel chemicals, xenobiotics (toxins, drugs, etc.) 6. Effects of altered hydrology (human and climatic) 
7. Lost biodiversity and endangered species 7. Sustainable freshwater supply 
8. Water quantity demand and management 8. Habitat destruction 
9. Overexploitation and overuse (e.g., fishing) 9. Mine pollution 
10. Agricultural impact 10. Inland waters' effects on marine eutrophication 
Others mentioned less frequently: 
mine pollution, multiple stressor effects, inland waters’ 
effects on marine eutrophication, industrial impact, 
waterborne diseases, loss of salt lakes, lack of 
government coordination of water resource 
management, harmful algae blooms, sediment loading, 
acidification
Others mentioned less frequently:  
shortage of qualified freshwater scientists; early career 
support, multiple stressor effects, synergisms and surprises, 
groundwater withdrawal effects, overexploitation, overuse 
(e.g., fishing), economic stressors on scientific exchange, lost 
biodiversity and endangered species industrial impact, urban 
pollution, harmful algal blooms
Table 5. The top-10 problems faced by limnology today and in the future, according to an email survey of top limnologists. The survey was 
selective because I consulted people whose work I respect and who have broad interests. It was not a survey of all the people I know who fit 
those criteria. The list is ordered by the problems mentioned the most frequently by those responding to my survey.
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oceanographers’ book and focus more as a scientific 
community on the paucity of funding available for 
studying the most critical natural resource on the planet 
today. In my countries (Canada and USA), our major 
federal funding agencies lump inland waters together 
with all other continental environmental sciences. In the 
United States, limnological research is judged by the 
National Science Foundation’s Division of Environmen-
tal Biology, even though much of what limnologists do 
has little to do with biology, while oceanography has its 
own directorate (Division of Ocean Sciences). The 
situation is worse in Canada, where all aquatic sciences, 
including oceanography, are funded via the panel on 
ecology and evolution. Perhaps limnology’s biggest 
problem is funding, too.
Also missing from limnologists’ lists were public 
disregard for our science, problems of recruiting and 
supporting qualified scientists, problems of “big data,” 
and genetic–molecular issues. Common to the lists of 
top-10 problems of limnologists and oceanographers were 
problems of climate change, hypoxia (linked to nutrient 
pollution and eutrophication), global upscaling, trophody-
namics and overexploitation, biodiversity, and sustainabil-
ity. Limnologists and oceanographers are wrestling with 
many similar problems.
Given the broad range of paradigms under study by 
limnologists today, it is not surprising that the limnolo-
gists I interviewed felt less confident about future 
paradigms to be studied. The list (Table 6) seems to imply, 
however, that a global view of limnology will increasingly 
be needed (i.e., making inland waters relevant at larger 
scales), and that functional and economic values will be 
increasingly important to us. This result harkens back to 
the Rigler-Peters (Rigler and Peters 1995) admonition that 
limnologists should work on the biggest problems under 
their purview (see also Downing 2009).
Top-ten problems in oceanography: comparison 
with limnology
There are some intriguing differences between limnolo-
gists’ and oceanographers’ view of the top-10 problems, 
but some remarkable parallels. The top problem perceived 
by oceanographers, now and in the future, is funding 
(Table 7). Surprisingly, not one limnologist listed money 
(or lack of it) as a problem. Lack of funding should be 
seen as a major problem in our field, even an environ-
mental problem, because without money you cannot do 
critical research or offer solutions to serious, global water 
problems (i.e., Table 5). We may want to take a page from 
2013 2023
1. Carbon biogeochemistry 1. Global or regional limnology (making inland 
waters relevant at greater scales) 
2. Trophodynamics, food webs 2. Economic valuation of inland waters 
3. Landscape limnology, terrestrial–aquatic linkages 3. Biodiversity:ecosystem function 
4. Nutrient budgets, loading, nutrient limitation 4. Hydrology as driver 
5. Stoichiometry 5. Nonlinearities and alternative states 
6. Global role of inland waters 6. Effects of climate change 
7. Trophic cascades 
8. Size structure 
9. Climate change effects 
10. Microbial biodiversity and function 
Others mentioned less frequently: 
regime shifts and critical transitions, biodiversity:ecosystem 
function, heterotrophy:autotrophy, management limnology, river 
continuum, ecosystem concept , tracers, evolutionary ecology, 
inland waters as sentinels of change, hydrology as driver, 
long-term trend detection, conservation and management, 
meta-community dynamics, bigeochemical cycling, molecular/
genomics (we must because we can), genetic isolation vs 
everything–everywhere, harmful algal blooms
Others mentioned less frequently: 
integration of limnology and hydrology, inland 
waters as sentinels of change, landscape limnology, 
integration of ecological theory, conservation 
limnology, linking physics and limnology (i.e., 
oceanography of lakes), parasites and diseases in 
limnology, integration over longer time scales, role 
of nitrogen in regulating production, food web 
theory, control of harmful blooms
Table 6. The top-10 research paradigms studied by limnology today and in the future, according to an email survey of top limnologists. The 
survey had the same biases as Table 5. The list is ordered by the problems mentioned the most frequently by those responding to my survey.
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Top-ten paradigms in oceanography: 
comparison with limnology
Top paradigms studied by oceanographers are even more 
similar to those of limnologists than the problems they are 
trying to solve (Table 8). Climate change, global upscaling, 
regime shifts, carbon biogeochemistry, trophic cascading, 
and eutrophication are all among the top oceanographic 
paradigms. Oceanographers project that eutrophication, 
sustainability, and biodiversity issues will all be major 
future paradigms of importance to oceanography, much as 
they are for limnology. This suggests a major convergence 
between limnology and oceanography in paradigms as 
global change advances. Major differences in paradigms 
include ocean acidification (a limnological paradigm of 
major past preoccupation), the coupling of physical and 
biogeochemical processes (due to issues of scale in marine 
ecosystems), and polar studies (likely due to oceanographic 
polar funding streams). In the future, oceanographers 
expect that fisheries, geoengineering, multiple stressors, big 
data, and biophysical coupling will be of major importance 
in oceanography, unlike the forecasts of limnologists. 
Publication frequency of limnologists and 
oceanographers on top problems and paradigms
The previous discussion is what we think we do and think 
we will do as limnologists and oceanographers. The late 
Robert H. Peters, my PhD supervisor, shocked me early in 
my career by saying, “John, I don’t care what you think. 
Tell me what you know.” This is, of course, is our role as 
scientists, so I felt it would be useful to look in the Web of 
Science to see the uses of these top-10 problem and 
paradigm terms in publications since 1990. I searched 
these terms in subsets of listed publications in published 
articles including “limnology,” “inland waters,” or 
“freshwaters” versus articles including “marine science” 
or “oceanography.” My thesis was that if problems or 
paradigms are important and growing in importance then 
the number of publications in which they occur should be 
numerous and growing over time.
My first analysis simply quantified the annual 
production of published literature in limnology and ocean-
ography. Derek J. de Solla Price (Price 1963) measured the 
expansion of science several decades ago, concluding that 
2013 2023
1. Problems with funding for oceanography 1. Problems with funding for oceanography, 
especially for large-scale observations
2. Climate change 2. Point source pollution 
3. Ocean acidification 3. Trophic relationship between zooplankton and 
exploited species
4. Public disregard for oceanographic science 4. Biodiversity of benthos and plankton
5. Hypoxia 5. Oceanic response to climate forcing 
6. Big data, little understanding 6. Big data, and data synthesis 
7. Recruiting and supporting qualified oceanographers 7. Ocean exploitation and sustainability 
8. Global upscaling, linkages among scales 8. Novel means of living 
9. Point source pollution 9. Genetic–molecular diversity 
10. Trophic relationship between zooplankton and 
exploited species 
10. Climate change 
Others mentioned less frequently: 
biodiversity of benthos and plankton, mixing by storms, 
sea-level rise, compromising professional standards, 
deconstruction of academic institutions, fragmentation of 
institutions and political governance, loss of international 
cooperation, ocean genomics, community structure, carbon 
biogeochemistry, marine fisheries, what happens in the 
twilight zone ("metalimnion"), polar climate change, 
interaction across multiple subdisciplines, environmental  
and inherent variability, cross-scale interactions
Others mentioned less frequently: 
climate effects on fisheries, responses to multiple 
stressors (e.g., temperature, CO2, etc.), public disregard 
for oceanographic science, compromising professional 
standards, deconstruction of academic institutions, 
fragmentation of institutions and political governance, 
society’s lack of connection with nature, unrecognized 
baseline shifts, global upscaling, employment of 
oceanographers, coastal eutrophication, carbon biogeo-
chemistry, heterotrophy
Table 7. The top-10 problems faced by oceanography today and in the future, according to an email survey of top limnologists. The survey was 
selective because I consulted people whose work I respect and who have broad interests. It was not a survey of all the people I know who fit 
those criteria. The list is ordered by the problems mentioned the most frequently by those responding to my survey. Problems similar to top-10 
problems and paradigms of limnology are indicated in bold italics.
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the number of publications, practitioners, discoveries and 
other scientific output approximately doubles every 
decade. According to his humorous calculations, at this 
rate, every man, woman, and child in the United States will 
have a PhD by 2200. Thus, a substantial rate of increase in 
publications available in the aquatic sciences is expected. 
When I did this analysis (Fig. 3), I realized why I 
cannot keep up with the burgeoning literature. According 
to Web of Science, in 1990 about 1000 published articles 
on inland waters appeared each year, but by 2000, this had 
doubled to 2000 articles per year. By 2013, this had more 
than doubled again to more than 4000 new papers 
appearing each year. Marine science has followed the 
same trend while starting from a higher base-level of 
publication at about 4 times the number of publications 
annually (despite world oceans covering 32 times as much 
area as inland waters). A limnologist who is also an ocean-
ographer would need to track about 20 000 new publica-
tions per year. Frighteningly, this means that in a decade, 
8000 new papers will appear on inland waters topics each 
year and a staggering 32 000 on marine topics. Although 
this follows Price’s rule (Price 1963), given the paucity of 
new money to support the sciences in recent years, it is a 
remarkable rate of growth in the scientific literature.
2013 2023
1. Climate change 1. Fisheries and food production 
2. Ocean acidification 2. Eutrophication 
3. Biological-physical-biogeochemical coupling 3. Effects of geoengineering 
4. Global oceanography and up-scaling 4. Multiple stressors and interactions 
5. Polar oceanography 5. Ocean sustainability 
6. Tipping points, nonlinearities, regime shifts 6. Marine biodiversity, organismal and genetic
7. C biogeochemistry 7. Big data and data synthesis
8. Top-down vs. bottom-up control 8. Biological-physical coupling
9. Eutrophication 
10. Multiple-scale ocean structure and organismal 
response 
Others mentioned less frequently: 
role of oceans in climate change regulation, human 
impacts on oceans, reductionist science, administrator 
knows best, phytoplankton community structure and 
regulation, ocean circulation, resolving energy flux in 
the southern ocean, iron cycle, eddies and fronts as 
biogeochemical hotspots, stoichiometry, role of 
materials between dissolved and solids, biodiversity, 
biogeography, physiology and function of organisms
Others mentioned less frequently: 
top-down vs. bottom-up control, human interactions with the 
ocean, harmful algae blooms, pollution, waterborne illness, 
oceanic conservation, climate change, polar and high latitude 
oceanography, role of oceans in climate change regulation, C 
biogeochemistry and budget, land–ocean interactions, 
circulation models, global upscaling, marine genomics, marine 
metabolism, ocean sensing, invasive species, scale effects, 
spatial and temporal, ecology of N-fixers, how to engage the 
public with the importance oceanography, ocean as energy
Table 8. The top-10 research paradigms studied by oceanography today and in the future, according to an email survey of top limnologists. 
The survey had the same biases as Table 7. The list is ordered by the problems mentioned the most frequently by those responding to my 
survey. Paradigms similar to top-10 problems and paradigms of limnology are indicated in bold italics.
Fig. 3. Number of published papers listed in Web of Science treating 
limnological and marine themes. Lists were compiled by searching 
for “limnology” or “freshwater” or “inland water” and “marine” and 
“oceanography.” Data before 1990 were ignored because Web of 
Science records are less complete before that year.
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The next question is whether the top-10 limnological 
problems are making up a large fraction of those inland 
waters publications and whether this fraction is growing 
over time, as would be expected if the problems are of 
current and increasing interest to science; however, the 
order of frequency in the literature does not match the 
order suggested by experts’ opinions (Fig. 4). Most of the 
top-10 problems suggested by limnologists occur in >1% 
of published articles, but most are growing in frequency 
with time, especially climate change, biodiversity, and 
xenobiotics. Others, such as agriculture, eutrophication, 
invasive species, threats to water supply, and altered 
hydrology, are mentioned in 1–3% of the published 
literature and are growing moderately as a proportion of 
the literature. A few top-10 problems seem ignored and 
stagnating in the limnological literature (e.g., habitat 
destruction and overexploitation). Most of the problems 
that experts have identified as central problems for 
limnology are growing in importance and make up a 
substantial portion of the literature.
I conducted a similar analysis for the top-10 limnolog-
ical paradigms (Fig. 5). Three of limnology’s top 
paradigms (landscape limnology, climate change, and 
global limnology) appear frequently in the literature and 
are rising rapidly as a proportion of publications. Three of 
the paradigms (trophodynamics, nutrient budgets/
limitation, and size structure) appear less frequently and at 
a fairly constant rate in the literature, while 4 complex 
problems (microbial diversity, stoichiometry, carbon bio-
geochemistry, and trophic cascades) appear in <1% of the 
published literature and are mentioned in only marginally 
more publications with the passage of time.
Taken together, the frequency in the limnological 
literature of the top-10 limnological paradigms and 
problems (Fig. 4 and 5) indicates that some are being 
actively analyzed and referred to in publications, 
suggesting that limnologists are paying attention to these 
major concerns. Some problems we think are important 
are being under-studied and need increasing analysis and 
innovation (Fig. 4). Further, while some expert-identified 
important paradigms are being increasingly studied, other 
complex paradigms identified as key topics are not 
(Fig. 5).
Because the purpose of this analysis was to look for 
convergences and divergences in problems and paradigms 
between limnology and oceanography, I searched for 
Fig. 5. Frequency of mention of limnology’s top-10 paradigms 
(Table 6) in publications in the limnology and inland waters 
literature (Fig. 3). Top-10 paradigms are listed in the upper legend in 
the order of frequency of appearance in the inland waters literature 
in 2012. Numbers following paradigms in parentheses indicate their 
order in the top-10 list (Table 6).
Fig. 4. Frequency of mention of limnology’s top-10 problems 
(Table 5) in publications in the limnology and inland waters 
literature (Fig. 3). Top-10 problems are listed in the upper legend in 
the order of frequency of appearance in the inland waters literature 
in 2012. Numbers following problems in parentheses indicate their 
order in the top-10 list (Table 5).
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references to limnology’s major problems and paradigms 
in the marine literature to tell us whether the main 
problems and paradigms of our field are also being 
recognized and studied by our sister discipline. I therefore 
repeated the same analysis but compared the frequencies 
to numbers of publications appearing in the oceanographic 
literature for each year (Fig. 6).
An analysis of whether oceanographers analyze and 
publish about the same kinds of problems that limnolo-
gists have identified as central to our field indicates that 
some of limnology’s most important problems are 
occurring in the oceanographic literature at a growing rate 
similar to that seen in limnology (Fig. 6). For example, 
mentions of climate change, threatened biodiversity, and 
xenobiotics are included in 2–8% of the oceanographic 
literature, and this proportion is increasing with time. 
Others (e.g., agriculture, eutrophication, overexploitation, 
and invasive species) occur in 0.5–1% of the oceano-
graphic literature, a fraction that is also increasing steadily 
with time. Studies including analyses of habitat 
destruction, altered hydrology, and threats to water 
supplies are far less frequent. Limnology and oceanogra-
phy share some common concerns, and oceanographers 
are joining limnologists in the increasing study of these 
key problems.
By calculating the ratio of mentions of limnology’s 
top-10 problems in the limnological to oceanographic 
literature (Fig. 4 and 6), the relatively importance of these 
problems in the 2 disciplines can be gauged (Fig. 7). As 
expected, the limnological literature contains mentions of 
limnology’s main problems between 2 and 10 times more 
frequently than the oceanographic literature. Overexploi-
tation, one of limnology’s top problems, is analyzed more 
frequently by oceanographers than limnologists. As a 
proportion of the published literature, overexploitation is 
discussed on average about 5 times more frequently by 
oceanographers than limnologists.
Oceanographers publish manuscripts on limnology’s 
top-10 paradigms frequently and increasingly (Fig. 8). 
Publications on global roles of marine systems, climate 
change, and terrestrial–marine interchanges are frequent 
in the marine literature and increasing rapidly. Trophody-
namics, nutrient budgets/limitation, and size structure 
appear frequently in the marine literature but have 
plateaued at 1–3% of annual publications. Other limno-
logical paradigms are not mentioned frequently in the 
marine literature (i.e., <0.5%). 
Fig. 6. Frequency of mention of limnology’s top-10 problems 
(Table 5) in publications in the marine science and oceanography 
literature (Fig. 3). Top-10 problems are listed in the upper legend in 
the order of frequency of appearance in the oceanographic literature 
in 2012. Numbers following problems in parentheses indicate their 
order in limnology’s top-10 list (Table 5).
Fig. 7. Relative frequency of mention of limnology’s top-10 
problems in the limnological and inland waters literature versus the 
marine science and oceanographic literature. Data are ratios of 
relative frequencies in Fig. 4 to those in Fig. 6. The dashed line 
indicates that the problems are mentioned with equal relative 
frequency in the 2 fields’ literatures.
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By calculating the ratios of mentions of limnology’s 
top-10 paradigms in the limnological to oceanographic 
literature (Fig. 5 and 8), the relative frequency of 
publication on limnology’s main paradigms can be 
estimated (Fig. 9). Although paradigms vary across time, 
the oceanographic and limnological literature contains a 
similar proportion of references to these concepts and 
ideas. This means that even if the problems limnologists 
and oceanographers need to solve diverge, the paradigms 
they study to solve the problems are similar.
Some conclusions about problems and paradigms in 
limnology and oceanography can be summarized. 
Limnology has identified critical problems needing 
attention for society’s benefit. Limnology has a strong 
theoretical and paradigmatic toolkit to use for advancing 
these fields. We share much of our problem- and para-
digm-concentration with oceanographers, although this 
has not been obvious to limnologists or oceanographers in 
recent history. Oceanographers seem to be increasing their 
focus on “limnological” issues and concepts as global 
impacts and global changes accelerate. Global change is 
leading to convergence in the problems and paradigms of 
limnology and oceanography.
Are oceans becoming “big salty lakes,” or are 
lakes becoming “small fresh oceans”?
More than a decade ago, I heard a talk by David M. Karl at 
an ASLO meeting (see Karl and Tien 1997) about 
increasing total phosphorus in the north Pacific gyre due to 
atmospheric deposition from Asia. I remember thinking that 
the oceans were converging on lakes, even the parts of the 
oceans that are far from land. After millennia of insulation 
from these insults, the seas are beginning to suffer the same 
sorts of impacts limnologists have been observing in their 
systems for a century or more. These initial thoughts were 
amplified by a few decades of interaction with Nancy 
Rabalais and Gene Turner (e.g., Downing et al. 1999) 
because I live in the heart of the watershed that feeds nutri-
ent-driven hypoxia in the Gulf of Mexico. Using work I did 
with Bob Howarth (Howarth et al. 1996), I realized that my 
small Midwestern-US state (Iowa) supplies 11% of the 
nitrogen and 8–9% of the phosphorus supplied to the Gulf 
of Mexico, as well as 2–3% of the nitrogen supplied to the 
distant North Atlantic. I believe that this was the beginning 
of my feeling that oceans are beginning to act more and 
more like large salty lakes.
Fig. 8. Frequency of mention of limnology’s top-10 paradigms 
(Table 6) in publications in the marine science and oceanography 
literature (Fig. 3). Top-10 paradigms are listed in the upper legend in 
the order of frequency of appearance in the oceanographic literature 
in 2012. Numbers following problems in parentheses indicate their 
order in limnology’s top-10 list (Table 6).
Fig. 9. Relative frequency of mention of limnology’s top-10 
paradigms in the limnological and inland waters literature versus the 
marine science and oceanographic literature. Data are ratios of 
relative frequencies in Fig. 5 to those in Fig. 8. The dashed line 
indicates that the paradigms are mentioned with equal relative 
frequency in the 2 fields’ literatures.
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Increasing pollution by human-generated materials, 
eutrophication, and hypoxia are not the only ways oceans 
are becoming like lakes. They also are subject to climate 
effects on many spatial scales that lakes have been, are 
being altered by changes in adjacent or distant land use 
patterns, are acidifying via atmospheric alteration as lakes 
have been, are freshening due to melting ice and increased 
precipitation, and are suffering increased shore erosion 
from sea-level rise and storms. The practice of limnology 
is also converging on oceanography through altered 
gestalt. We now realize that about half of the world’s lake 
volume is saline, and that salinities are rising in many 
regions due to climate warming. 
Limnologists are realizing increasingly that scale and 
physical forces are important to understanding the 
function of inland waters. As we begin to comprehend 
climate change effects, we are beginning to understand 
that climate and weather patterns influence function in 
unexpected ways (i.e., similar to oceanography’s concepts 
of physical–biological forcing). Forces leading to 
convergence include the salinization of freshwater 
through diversion and climate change while marine 
waters are freshening through ice-melt and increased 
runoff; an increasing biodiversity inventory due to the 
identification of undiscovered organisms in inland waters 
while biodiversity declines in marine waters via acidifica-
tion and habitat destruction; and altered terrestrial 
hydrology that changes functions of inland waters 
through erosion and changed water supply. The same 
alterations in terrestrial hydrology are changing functions 
of marine waters through freshening, erosion, and 
nutrient supplies.
Exchanges between the sciences of limnology 
and oceanography
Limnologists and oceanographers work on similar 
paradigms, so it would be natural to exchange information 
freely across the salinity gradient. A group of young 
aquatic scientists, including those working on inland 
waters and marine systems, studied the amount of cross-
citation between these 2 fields (Kavanaugh et al. 2013). 
They randomly chose about 100 articles on freshwater or 
marine topics from each of 3 predominantly freshwater 
journals and 3 predominantly marine journals and 
determined the frequency of citation of marine literature 
by freshwater authors and vice versa. They also 
conducted the same exercise for a journal publishing both 
marine and inland waters research (Limnology and 
Oceanography).
Results suggested that limnologists are more likely to 
cite marine work than marine scientists are to cite limno-
logical research. Articles published in the predominantly 
freshwater journals (Freshwater Biology, Journal of Great 
Lakes Research, and Fundamental and Applied 
Limnology) cited marine research in 35–41% of the 
cases, whereas articles published in predominantly 
marine journals (Deep Sea Research II, Marine Ecology 
Progress Series, and Progress in Oceanography) cited 
limnological research in 0–6% of the cases. Marine 
papers in Limnology and Oceanography cited limnologi-
cal research in 28% of the cases, but limnological papers 
cited marine research in 62% of the cases. For articles 
published in broader journals such as Limnology and 
Oceanography, it seems that the fields of limnology and 
oceanography are undergoing a rapprochement because 
marine scientists are citing limnological research with 
increasing frequency (Fig. 10). Limnologists cite the 
marine literature more than the converse, although this 
may be damping as oceanographers deal with more “lim-
nological” problems.
Scientific societies in limnology and 
oceanography
Scientific societies such as ASLO and SIL play a major 
role in promoting exchanges among scientists and 
sciences. Clearly, scientific societies’ major functions are 
to organize scientific meetings and workshops and sponsor 
important, high-quality publications. Scientific societies 
benefit scientists and society in ways that no other organi-
Fig. 10. Data comparing the use of marine literature in inland waters 
publications and vice versa for the period of 1950–2010 in the 
journal Limnology and Oceanography. The figure was digitized and 
redrawn from figure 3 in Kavanaugh et al. (2013).
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Fig. 11. Data are from 2011 Science Citation Index for journals listed as “limnology,” “oceanography,” “marine biology, freshwater biology,” 
“water resources,” or “fish biology.” The list of indexed journals lists 250 titles. The figures show how many journals, article, and citations 
accrue to different types of publishers. The analysis follows Downing (2013).
zations can. Our scientific publications are objective 
because there is no profit motive. Our meetings are 
scholarly and of the highest quality for the most 
reasonable cost. Scientific societies offer professional 
networking opportunities that are unparalleled as well as 
early career support and mentoring. Our meetings and 
publications promote professional interactions and 
scientific discourse. Because we bring people from diverse 
backgrounds and disciplines together, we enhance the 
diversity of our science and our scientific workforce. We 
offer honors and awards that advance careers and 
recognize achievement. Most scientific societies also offer 
public outreach and information as well as acting as an 
independent educational resource.
I mention these benefits because scientific societies 
and the assistance they provide are threatened by 
commercial interests that seek to profit from what 
scientific societies do. Few members learn this until they 
become part of the governing boards of scientific societies, 
but ASLO and SIL can offer these services by leveraging 
funding that usually comes from publications and meeting 
revenues. These services to members are being threatened 
by the commercialization of scientific publishing. 
Commercial publishers put profits back into their 
enterprise rather than back into the scientific enterprise, as 
scientific societies do. Further, predatory publications seek 
to divert honest science into good-sounding but 
nonexistent journals; predatory meetings set up near 
well-known society meetings; and predatory workshops 
offer training for a fee that may not result in substantive 
learning.
Another noteworthy, changing aspect is the role of 
societies in scientific publications. In 1980, nearly all pub-
lications were published by independent, scientific society 
publishers. As for-profit publishers became aware of the 
potential profit from selling scientific journals, the fraction 
of the scientific literature controlled and produced by 
profit-making corporations expanded while scientific 
societies contracted or even disappeared (Fig. 11). In the 
aquatic sciences today, 67% of the journals are produced 
by corporate publishers who publish 78% of the articles 
that accrue 80% of the citation impact in the field. Today, 
more than 70% of all the aquatic science articles that 
appear are published by a group of 5 profit-making 
publishers. This is a remarkable degree of control of 
scientific communication by for-profit corporations. Only 
14% of the articles you cite now derive from independent 
society publications. Commercial publishers are now 
making huge profits from your work as an author or 
reviewer (that you give to them for free), and less of this is 
coming back to support the society services that have 
made global aquatic science strong. 
Solving some of these problems for scientists will 
take cooperation among scientists and scientific societies. 
A principal components analysis created from the 
presence of terms in societies’ mission statements across 
our neighborhood of science societies (Fig. 12) shows 
scientific societies arrayed across axes that roughly define 
gradients of salty–organismal to fresh–ecological 
orientation and small to large systems. A nonmetric 
dimensional scaling analysis is more appropriate and 
shows the same things, but the image is not as clear. This 
analysis shows that although there are many aquatic 
science societies, ASLO and SIL exist close to each other 
in the same scientific neighborhood. I believe scientific 
societies need to band together and collaborate within our 
neighborhood sphere.
Close scientific societies can help each other and need 
to cooperate in this changing scientific environment by 
collaborating across more of our scientific neighborhood. 
Among the synergistic advantages is creating publishing 
alliances and cooperative publication products (not limited 
to journals). The world needs independent science com-
munication. We can create more exciting and diverse 
meetings by meeting more frequently with more sister 
societies. A big expense for societies is hiring specialized 
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Fig. 12. Plot of aquatic science associations and organizations on the first 2 principle components of an analysis using scores of these terms: 
limnology, oceanography, geology, biology, ecology, engineering, zooplankton, phytoplankton, benthos, fish, mammals, bacteria, viruses, 
macrophytes, herps, lakes, streams, estuaries, oceans, saltwater, freshwater, publications, meetings, conservation, outreach, information, 
management, scientific exchange, international, national, and local. Labels on the axes show directions of a few major variables. Nonmetric 
dimensional scaling and canonical correspondence analysis yield similar results. Scientific societies mentioned are AAUS = American 
Academy of Underwater Science, ABL = Associao Brasileira de Limnologia, ACS = American Cetacean Society, AEHMS = Aquatic 
Ecosystem Health and Management Society, AES = American Elasmobranch Society, AFL = Association Franτaise de Limnologie, AFS = 
American Fisheries Society, AGU = American Geophysical Union, AIOL = Associazione Italiana di Oceanologia e Limnologia, APMS = 
Aquatic Plant Management Society, ASIH = American Society of Ichthyology and Herpetology, ASL = Australian Society for Limnology, 
ASLO = Association for the Sciences of Limnology and Oceanography, ASWM = Association of State Wetland Managers, AWRA = American 
Water Resources Association, BF = Billfish Foundation, BMLSS = British Marine Life Study Society, BPS = British Phycological Society, 
CERF = Coastal and Estuarine Research Federation, COL = Consortium for Ocean Leadership, CS = Crustacean Society, CSI = Cetacean 
Society International, DGL = Deutsche Gesellschaft fur Limnologie, EAAM = European Association for Aquatic Mammals, ECS = European 
Cetacean Society, EPCN = European Pond Conservation Network, FAB = Florida Association of Benthologists, FBA = Freshwater Biological 
Association, FS = Freshwater Society, FSBI = Fisheries Society of the British Isles, GSA = Geological Society of America, GWRC = Global 
Water Research Coalition, IABO = International Association for Biological Oceanography, IAD = International Association of Danube 
Research, IAGLR = International Association for Great Lakes Research, IAL = International Association of Limnogeology, ILEC = Interna-
tional Lake Environment Committee, IPeatS = International Peat Society, IPhycoS = International Phycological Society, ISDR = International 
Society for Diatom Research, ISSLR = International Society for Salt Lake Research, IUGG = International Union of Geodesy and Geophysics, 
IWHA = International Water History Association, JSL = Japanese Society for Limnology, LOS = Living Oceans Society, MBA = Marine 
Biological Association, MCS = Marine Conservation Society, MESA = Marine Education Society of Australasia, MS = Mammal Society (UK), 
MSL = Malacological Society of London, MTS = Marine Technology Society, NALMS = North American Lake Management Society, 
NANFA = North American Native Fishes Association, NECOV = Netherlands-Flemish Ecological Society, NZFSS = New Zealand Freshwater 
Sciences Society, ORCA = Ocean Research and Conservation Association, OSJ = Oceanographic Society of Japan, PSA = Phycological 
Society of America, PTH = Polskie Towarzystwo Hydrobiologiczne, PTL = Polish Limnological Society, RF = Riverhead Foundation for 
Marine Research and Preservation, SAMS = Scottish Association for Marine Science, SCL = Society of Canadian Limnologists, SFS = Society 
for Freshwater Science, SIL = International Society of Limnology, SMM = Society for Marine Mammalogy, SMM = Society for Marine 
Mammalogy, STC = Sea Turtle Conservancy, SWS = Society of Wetland Scientists, TOS = The Oceanography Society, WAN = Women’s 
Aquatic Network. 
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expertise, so societies could share society, policy, 
business, and meeting expertise and costs. Helping to train 
the next generation of aquatic scientists is a major societal 
responsibility and could be shared across the aquatic 
sciences. Because each scientific society serves a slightly 
different group of scientists, collaboration would help us 
celebrate and enhance scientific interfaces while building 
the unity of the aquatic sciences. Outside our comfort 
zone is where we tend to learn the most. Finally, funding 
for limnology and inland waters has been poor globally, so 
we could build recognition for limnology while working 
together to create funding networks for this most strategic 
resource.
Conclusion
The histories of limnology and oceanography have been 
intertwined for centuries because our sciences developed 
from similar societal needs and unfolded along a similar 
historical timeline. Limnology and limnologists have 
inspired oceanographers as oceanography inspires 
limnology today. The principal problems of limnology and 
oceanography differ, but they are converging as global 
change brings human impact to the seas and gestalt-shifts 
bring new approaches to limnology. Despite some 
differences in problem sets, prominent research paradigms 
in these 2 fields are remarkable similar. Oceanography and 
limnology should be closer allies, especially as global 
change makes a global view of water resources more 
critical. Cooperation, not competition, is the tradition of 
science; and cooperation across our science neighborhood 
will help us all to build stronger and more robust science. I 
believe that much can be gained by interactions among 
diverse scientific societies and among diverse scientists with 
different ideas. I hope this is what the future holds for us.
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